Objective: Reasons for the increase in incidence of Tuberculosis (TB) in late adolescence are poorly understood. One hypothesis is that psychological and behavioural variables associated with adolescence may increase risk of developing TB. The study aimed to determine whether psychosocial and behavioural variables affect incidence of TB disease in adolescents. Methods: A casecontrol study design was used in adolescents who were participants in a TB epidemiological study. Cases were adolescents diagnosed with TB disease. Approximately half of the controls had no TB disease but a positive TST indicative of latent TB. Half had neither TB disease nor latent TB. A self-administered questionnaire was completed by participants. The questionnaire consisted of a combination of standardised psychosocial instruments. Results: Of 292 participants, 62 were cases, 112 had latent TB and 118 neither TB disease nor latent TB. There were no significant differences in instrument scores between cases and controls. There was a trend for certain adverse life events to be more common in the TB-disease group. Conclusion: In adolescents, a trend for association between TB incidence and psychosocial and behavioural variables was not statistically significant. Given the trend, research with larger samples, and more comprehensive assessment of the relationship between stressors and TB, is warranted.
Introduction
Tuberculosis (TB) is a major public health concern for children and adults globally. 1 As shown in data from Cape Town, the incidence of TB is typically high during early childhood. It decreases during later childhood and increases in later adolescence and early adulthood ( Figure  1 ). The reasons for the increase during late adolescence are poorly understood and have not received much attention in the medical literature.
A proportion of people who have been exposed to the Mycobacterium tuberculosis (Mtb) organism develop latent TB infection and a proportion of those with latent infection Risky behaviour and psychosocial correlates in adolescentsis there a link with tuberculosis?
develop active TB disease. 2 Various factors determine this disease progression. Some of these factors are related to an individual's biological risk factors and disease susceptibility, such as HIV, malnutrition, smoking and co-morbid illness. 2 Social and environmental conditions on a household and community level have also been shown to be independent risk factors for TB disease. 3 A further hypothesis especially relevant to the adolescent period is that psychological and behavioural variables may play a role in the spread and progression of TB disease. These variables may include substance abuse, antisocial behaviour, risk-seeking behaviour, psychopathology, and reactions to significant life-events. Little research has been done to link these variables to the spread and progression of TB, although they have been shown to influence infectious diseases in general. [4] [5] [6] [7] They may have a direct effect on disease progression by alteration of the immune response through exposure to stress. 4, 5 They may influence spread of disease indirectly through behaviours that place people in settings where infection is more likely. 7 Social support, on the other hand, may reduce susceptibility to infectious disease. 6 Our objective therefore, was to determine whether, in adolescents in a population with a high burden of TB, psychosocial and behavioural variables affect the incidence of TB disease.
Methods

Setting and study population
Adolescents were recruited from the greater Worcester area in the Western Cape Province of South Africa. The area has a high burden of TB disease with a reported all-age TB disease incidence of 1400 per 100 000. 8 This study was nested within a larger epidemiological study conducted at high schools in the area to determine TB incidence in adolescents. 9, 10 Participants were between 12 and 18 years of age at the time of enrolment into the epidemiological study. They were enrolled into this nested study towards the end of their 2 year follow-up period. All participants were literate. Ethics approval for this study was given by the University Of Cape Town Faculty Of Health Sciences Human Research Ethics Committee.
Study design and sampling
A case-control study design was used. Cases were drawn from a group of adolescents who had been diagnosed with TB disease (n=107) in the epidemiological study. The control group consisted of 2 sub-groups. One sub-group (n=112) consisted of participants without a diagnosis of TB disease but with a positive Tuberculin Skin Test (TST) indicative of latent TB infection. The other sub-group (n=118) was comprised of participants who had not been diagnosed with TB and had a negative TST. A TST was considered positive if the result was equal to or greater than 10 mm.
Cases and controls were drawn from the epidemiological study within which this study was nested. All cases available at the time this study was conducted were approached to participate. For the purposes of this study, any adolescent placed on TB treatment by a clinician was regarded as having active TB. Some cases were confirmed by microbiological testing of sputum and others by x-ray examination. Active TB was excluded in participants with a positive TST by means of a directed medical history, microbiological testing on 2 sputum specimens, and a chest X-ray.
Most of the participants were seen at their school during school hours.
Inclusion into the control groups was determined by compiling a random list of participants from the main study database who did not have TB disease. This list was sorted according to TST result and school. Within this random list participants in each control group were selected. This selection was based on which schools the study team were visiting on study days for the main epidemiological study. For the control groups, if a selected participant was unavailable on that day or did not wish to take part, the next participant on the list from that school was selected for inclusion ( Figure 2 ). The control group was not matched to the case group. More participants in the control groups were included to maximise the study power, but the numbers were ultimately limited by the amount of time available to study staff to do the study.
Study procedures and instrumentation
Participants were asked to fill out a self-administered study questionnaire. It was completed in a single session without a time-limit. Instructions were given by a study team member on how to complete the questionnaire. Each study questionnaire consisted of a set of 5 sub-questionnaires. These sub-questionnaires were standard instruments designed to gather data on psychosocial correlates. The Masten Life Events Questionnaire 11 , Harvard Trauma Scale adapted to South Africa 12 , K-10 13 , Multidimensional Scale of Perceived Support 14 , and the ASSIST hazardous substance test 15 were used. These instruments are summarized in more detail in Table I . The questionnaire was developed in English, translated into the local languages, and checked through back-translation. Each participant was required to answer all questions. The questionnaire was piloted on 20 randomly selected adolescents not participating in the main study to ensure comprehensibility and ease of use of the questionnaire. No changes to the study questionnaire were deemed necessary to be made before implementation after piloting. All questionnaires were completed within a period of 4 weeks.
Data Management & Analysis
All statistical analyses were performed with SPSS Version 16.0. A direct comparison of instrument scores was made between cases who had been diagnosed with TB disease, controls with TB infection as determined by a positive TST, and controls with neither TB disease diagnosis nor latent TB infection. Chisquare analysis or analyses of variance (ANOVA), as appropriate, were used to detect differences in mean scores between any of the 3 analysis groups per sub-scale. The significance level was set at p<0.01, given the multiple simultaneous comparisons that were utilised. 16 Results Two-hundred and ninety-two (292) adolescents participated in the study. Of the possible 107 TB disease cases detected in the main epidemiological study, 62 were included in this sub- (Table II) .
There were no statistically significant differences between the case and control groups on any of the psychosocial measures investigated in this study (Table III) . However, there was a trend, which was not statistically significant, for lower scores in the control groups on two of the Masten life events subscales. These subscales were for discrete-onset independent events of ambiguous or indistinct desirability, and for chronic negative independent events. Life events elicited in these subscales are shown in Table IV .
Discussion
In this study, psychosocial correlates did not differ significantly in adolescents who had a recent history of TB disease from controls who did not. These correlates included the occurrence of significant life events, exposure to trauma, psychopathology, perceived social support, and correlates of risky behaviour and substance abuse. These findings offer only partial support for the hypothesis that psychosocial For each reported substance, risk was dichotomized at the threshold of hazardous risk so that medium and high risk was coded "1" and low and no risk was coded "0." factors can explain the increase in TB incidence during late adolescence.
Research on non-biological risk-factors for TB has focused mainly on social and economic variables. 3 Although our study is exploratory, it is the first to explore a potential link between TB incidence and psychosocial factors. The absence of an association between psychosocial factors and TB incidence in our study may be due to the small sample size or limitations of the research design. It may also be that the psychosocial factors are overshadowed by other stronger, undetermined variables.
Although not statistically significant, there was a trend for lower scores on two of the Masten sub-scales for the control groups. The Masten scale determines the occurrence of significant life events, for example deaths in the family, divorce, moving house. It characterises these life events on 3 characteristics: independence from behaviour (whether an event could be the secondary result of behaviour), desirability (whether it was a positive or negative experience), and duration (chronic or discrete). 11 Life events that were independent of behaviour and of ambiguous or negative desirability tended to occur more frequently in the TB diseased group. The reason for the trend in these particular sub-scales is unclear. It may be that such events are linked to socio-economic factors rather than psychosocial factors in the context of TB epidemiology e.g. forced relocation or an increase in size of the household. These events may lead to additional strain on limited household income and resources. Further differentiation and exploration was not possible within these sub-scales, and represents an opportunity for further research.
There were limitations to this study. Sample size was limited by the number of TB disease cases available within the larger epidemiological study. The small sample size may limit the representivity of the findings to the wider population. However, the findings do highlight some important signals of note even though the study is exploratory in nature. Sampling of the control groups was not completely random due to logistic considerations. Staff time was limited and study visits needed to coincide with scheduled visits in the epidemiological study. Matching of the control and case groups was not practical in this setting. There was no control nor data collection for possible confounders such as race or income. However, if these confounders were a factor, it is more likely that differences in psychosocial correlates between groups would be inflated rather than hidden. This study was conducted in an area with a high burden of TB disease and in a population of adolescents only. Our findings may not necessarily be generalizable to low or medium TB burden populations where biological transmission factors such as the large number of infective contacts are not as overwhelming; or in communities where adolescents leave school early or are not literate. Findings might also be different for an adult population as opposed to an adolescent population with different social and psychological characteristics. This exploratory research relied on the completion of selfadministered questionnaires. An additional study tool may be the use of qualitative data-collection methods such as focus groups or participant interviews.
Conclusion
In a population of adolescents in an area with a high burden of TB, there was no statistically significant association between the incidence of TB and psychosocial variables. These variables included exposure to stressors, symptoms of distress, psychopathology, risky behaviour, and perceived social support. Given the trend towards significance, research with larger samples, and a more comprehensive assessment of the relationship between stressors and TB, is warranted.
